ABSTRACT. Complex permittivity spectra of Allyl Chloride (AC), 2-Butanone (2-BU) and their binary mixtures over the entire range of concentration were obtained using the Time Domain Reflectometry (TDR) technique in microwave frequency range at various temperatures. Static dielectric constant and relaxation time are obtained from complex permittivity spectra. Density (ρ) and refractive index (nD) are also measured. These parameters are used to determine excess dielectric constant, excess inverse relaxation time, excess molar volume, excess molar refraction, polarity, Bruggeman factor and thermodynamic parameters viz. enthalpy of activation and entropy of activation. The values of static dielectric constant and relaxation time increases while density and refractive index decreases with the percentage of 2-Butanone in Allyl Chloride increases. Excess parameters were fitted to a Redlich-Kister equation.
INTRODUCTION
Dielectric studies on the binary mixtures (both polarpolar and polar-nonpolar) are important for understanding the intermolecular interaction in the mixture due to the dipole-dipole interactions and hydrogen bonding. In our laboratory, dielectric studies have been carried out extensively to understand intermolecular interactions and dynamics of the liquid mixtures using the Time Domain Reflectometry technique. [1] [2] [3] [4] In this work, we extend the study by investigating properties like density, refractive index and polarity of mixture. The density and refractive index are also required for full understanding the non-ideal behaviour of mixtures, caused by intermolecular forces occurring when two or more components are mixed. [5] [6] [7] [8] Ketones (2-butanone) are important class of industrial chemicals with many scientific and industrial applications. 6 2-butanone is aprotic solvent having carbonyl group C=O attached to different alkyl group CH 3 and C 2 H 5 . Allyl chloride (AC) is a common alkylating agent and useful in the manufacture of pharmaceuticals and pesticides due to presence of C=C double bond together with chlorine atom. 9 Maharolkar et al. 9 reported the decrease in dielectric constant with addition of allyl chloride in n-butanol due to decrease in effect of hydrogen bonding. Dharne et al. 10, 11 reported dielectric properties of allyl chloride with dimethylformide and alcohols using the TDR technique. The effect of steric hindrance of 2-BU in the dielectric relaxation of methanol with 2-BU system was reported by V. Madhurima et al.. 12 Recently, Gilani et al. 13 reported the nonlinear variation of dielectric constant of 2-BU with 2-butanol and cyclohexane due hetero interaction present between mixing components. Lomte et al. 6 reported positive excess molar volume of 2-BU with branched alcohol (2-propanol, 2-methyl-1-propanol, 2-butanol, and 2-methyl-2-butanol) due to dispersion interaction between mixing components. As part of our research work, in the present paper, we reports the dielectric and thermodynamic properties of allyl chloride with 2-butanone.
EXPERIMENTAL
Chemicals AR grade AC obtained commercially from FINE chemical Mumbai and 2-BU obtained from LOBA chemical Mumbai with purity 99% and were used without further purification. The solutions were prepared at different volume percentage of 2-BU in AC in the step of 10% at room temperature. The concentrations were prepared for 5 ml solution at room temperature assuming ideal mixing behavior, with an accuracy ±0.0006 ml.
Experimental Section
The Hewlett Packard HP54750A sampling oscilloscope 21 with HP54754A TDR plug-in module has been used. The block diagram of TDR unit is shown in Fig. 1 . After observing TDR response for sample under study, the time window was kept to 5 ns and the SMA (standard military applications) sample cell with 1.35 mm effective pin length has been used. The sample cell holds the liquid under consideration. The physical dimensions of the sample cell are very important, so one must be careful while designing the sample cell. The impedance of the cell should be matched with coaxial transmission line to which cell is connected. If there is impedance mismatch then unwanted reflections may disturb the wave thereby causing some errors in the measurements. The proper design of cell includes the inner conductor and outer conductor diameters. The length of the inner conductor is called as 'pin length' of the cell and is very important factor in analysis. The sample length must be enough to avoid unwanted reflections. In total reflection method, the sample length must be long enough to produce an adequate difference signal but short enough to keep less complication of resonance effects at frequencies above the range of interest. The characteristics impedance of a coaxial line is given by (1) This impedance for our transmission line is frequently 50 Ω. Here 'a' is the diameter of inner conductor and 'b' is the inner diameter of outer conductor, ε is the relative permittivity of the dielectric between the conductors. Using Teflon and air and taking appropriate 'a', 'b', a cell can be designed to have a matching impedance of Z = 50 (for air ε = 1 and for Teflon ε = 2.2). The SMA type cell has b = 3.5 mm. The inner conductor of SMA connector itself is considered as 'inner conductor' and hex-nut acts as an outer conductor. Since these SMA connectors have already been designed for precise impedance 50 Ω, a special design when used with high frequency is not required. The physical length of inner conductor can be changed. When cell is filled with sample above the physical length of inner conductor, the fringing effect 14,15 takes place. Due to the fringing field the effective pin length 16 will not be equal to physical pin length. The effective electrical pin length will be more than the physical pin length. The accurate determination of effective pin length'd' is very important for the accurate evaluation of dielectric parameters. It is found that for SMA type cell effective pin length 16 is greater than actual physical length by 0.1-0.2 mm.
To reduce noise, time dependent response curve was averaged over 64 measurements taken and then stored in TDR oscilloscope memory with 1024 points per waveform. Firstly, the response waveform for empty cell is acquired and stored in memory, and then secondly, the response waveform for sample is acquired and stored in other memory. The empty cell waveform is used as ref- At each time the response waveforms without sample and with sample were recorded. The time dependent response waveform without sample is referred to as R 1 (t) and with sample referred as R x (t).
Density of pure components and their binary mixtures were measured by using Pycnometer at temperature 283. 15 
Data analysis
The time dependent data were processed to obtain complex reflection coefficient spectra ρ * (ω) over a frequency range of 10 MHz to 20 GHz by using Fourier transform 17, 18 as, 
, c is the velocity of light, ω is the angular frequency, d is effective pin length and j = . The complex permittivity spectra ε * (ω) is obtained from reflection coefficient spectra p * (ω) by applying a bilinear calibration method. 19 The complex permittivity spectra are fitted by the nonlinear least squares fit method to the Debye equation
20 to obtain various dielectric parameters.
where ε s is the static permittivity(dielectric constant), =n D 2 is high frequency limiting permittivity at optical frequency, w is the angular frequency and t is the relaxation time of the system.
THEORY
The information regarding intermolecular interaction between two liquid may be obtained from excess dielectric constant (ε s E ) of mixtures. It is defined as, (4) where X is mole fraction and suffixes m, 1, 2 represents mixture, liquid one and liquid two respectively. The excess permittivity may provide qualitative information about structure formation in the mixture as follows:
(i) ε s = 0: indicates the liquids 1 and 2 do not interact and do not change their individual structural properties in the presence of other liquid.
(ii) ε s < 0: indicates the liquids 1 and 2 interact in such a way that the total effective dipoles get reduced. The liquids 1 and 2 may form multimers leading to the less effective dipoles.
(iii) ε s > 0: indicates the liquids 1 and 2 interact in such a way that the total effective dipole increases. This may be due to breaking of multimers structure into monomer structure in the presence of other molecule.
Similarly, excess inverse relaxation time is defined as
Excess inverse relaxation time represents average broadening of dielectric spectra. The inverse relaxation time analogy is taken from spectral line broadening (which is the inverse of relaxation time) from the resonant spectroscopy. 21 Information regarding the dynamics of liquids 1 and 2 can be obtained from this excess inverse relaxation time (1/τ) E as follows, (i) (1/τ) E = 0: there is no change in the dynamics of liquids 1 and 2.
(ii) (1/τ) E < 0: the interaction of liquids 1 and 2 produces a field such that the effective dipoles rotate slowly.
(iii) (1/τ) E > 0: the interaction of liquids 1 and 2 produces a field such that the effective dipoles rotate rapidly, i.e. the field will co-operate in rotation of dipoles.
The excess molar volume (V E ) and excess molar refraction (R m E ) are determined by equation (5) and (6) respectively,
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(6) (7) where R m is molar refraction which is determined as, (8) where X 1 and X 2 are mole fraction of AC and 2-BU respectively. ρ, ρ 1 and ρ 2 are density of mixtures, AC and 2-BU respectively. n D and R m are refractive index and molar refraction of mixtures respectively. The R The Bruggeman factor ( f B ) 23 is another important parameter which may be used as an indicator of solute-solvent interactions and is given by, (9) where V is volume fraction, which is a qualitative measure of volume of the solute in the mixture. The values of static dielectric constant corresponding to mixture, component A and component B are given by ε sm , ε sA and ε sB respectively.
Marshall 24 expressed dielectric susceptibility (ε-1) to be isothermally proportional to the density (ρ) raised to a constant power and given in logarithmic form, log(ε-1) = A + B logρ (10) where A is intercept and B is slope. The value of A is directly proportional to polarity of liquids, while value of B is closely the same for similar-class of liquids while even being roughly the same for all the liquids.
Thermodynamical energy parameters such as enthalpy of activation (∆H τ ) and entropy of activation (∆S τ ) are calculated by using Eyring rate equation 25 and are reported in Table 6 . (11) where τ is relaxation time. Fig. 2 shows that complex permittivity spectra (ε' is real part, ε'' is imaginary part) of AC+2-BU system at temperature 293.15 K. The values of dielectric constant decreases in high frequency region than the low frequency region due to decrease in orientation polarization. 26 The dielectric loss increases as frequency increases and it becomes maximum in 8-10 GHz region. The dielectric loss also increases as concentration of 2-BU increases in the mixture.
RESULTS AND DISCUSSIONS
The estimated physical parameters of pure liquids are tabulated in Table 1 Table 2 . The values of density and refractive index of binary mixtures of AC and 2-BU are tabulated in Table 3 . The dielectric constant and relax-
Complex permittivity spectra (ε' real and ε'' imaginary part) of Allyl Chloride with 2-Butanone at temperature 293.15 K. ation time of the mixtures increase while density and refractive index decrease with increase in mole fraction of 2-BU. It is also observed that static dielectric constant, relaxation time, density and refractive index decrease with increase in temperature.
The values of excess dielectric constant of AC with 2-BU binary mixture is plotted in Fig. 3 . The positive values of excess dielectric constant in AC rich region indicate that dipole moment per unit volume increase with the parallel alignment of dipoles which contribute to increase in dielectric polarization. It may be leads to the formation of monomers and dimmers. 3, 27, 28 The negative values of excess dielectric constant in 2-BU rich region indicate that dipole moment per unit volume decrease with the antiparllel alignment of dipoles which contribute to decrease in dielectric polarization. It may be leads to formation of multimers.
3,27,28
The values of excess inverse relaxation time are plotted in Fig. 4 . The values of excess inverse relaxation time is negative over entire concentrations of 2-BU and for all temperature indicate slower rotation of dipoles. 2, 3, 29 This is due to dipole-dipole interaction (chlorine group (-Cl) of AC and carbonyl group (C=O) of 2-BU) produces a field in such way that the effective dipoles rotation is hindered. The plot of excess molar volume (V E ) of binary mixtures is shown in Fig. 5 . The positive value of V E indicates volume expansion in AC rich region. This is due to weak dipole-dipole interaction between AC and 2-BU mole- cules or rupture of dipole-dipole interaction in 2-BU molecules. The negative value of V E indicates volume contraction in 2-BU rich region. This is due to strong dipole-dipole interaction between AC and 2-BU molecules and geometrical fitting of AC molecule into 2-BU molecules.
6-8,30
The graphical representation of excess molar refraction (R m E ) is shown in Fig. 6 . The positive value of excess molar refraction in AC rich region indicates the weak intermolecular interaction between AC and 2-BU molecules. The negative value of excess molar refraction in 2-BU rich region indicates strong intermolecular interaction between AC and 2-BU molecules.
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The excess or deviation parameters were fitted to Redlich-
Kister equation (RK).
31 The values of a j coefficient and standard deviation for excess dielectric constant, excess inverse relaxation time, excess molar volume and excess molar refraction are reported in Table 4 .
Bruggeman factor of present system is plotted in Fig. 7 . According to equation (6), linear relationship is expected. The values of Bruggeman factor deviate from ideal line for all temperatures. This non-linearity of curve indicates hetero interaction exist between AC and 2-BU.
The plot of log (ε-1) versus log (ρ) of present system is shown in Fig. 8 . The determined values of 'A'(intercept) and 'B'(slope) are tabulated in Table 5 . It is observed that, increasing the values of 'A' suggest that polarity of mix- The enthalpy of activation (∆Hτ) and entropy of activation (∆Sτ) of present system is tabulated in Table 6 . The value of ∆Hτ depends on internal energy of system and the external parameters such as the volume. In present system, the value of ∆Hτ is positive over entire concentration range except for pure AC, so reaction occurred during complex formation is endothermic reaction i.e. heat is absorbed by binary system. Entropy of activation (∆Sτ) is a macroscopic property of a system that measures the microscopic disorder within the system. In the present system, the values of ∆Sτ are negative over entire concentration range. The negative values of entropy show that, there are fewer configurations possible in dipolar orientation in activated state than normal state. This may be due to the existence of dipole-dipole interaction; similar conclusion was reported by Sengwa et al. 32 for ethylene glycol and propylene glycol mixtures.
CONCLUSION
The excess dielectric property shows parallel alignment of dipoles in AC rich region while there is antiparllel alignment of dipoles in 2-BU rich region. The negative value of excess inverse relaxation time indicates that the intermolecular interaction between AC and 2-BU produces a field such that effective dipoles rotate slowly.
The excess molar volume and excess molar refraction of binary system AC+2-BU supported to each other. These excess properties indicate weak dipole-dipole interaction between AC and 2-BU in AC rich region but strong dipoledipole interaction between AC and 2-BU in 2-BU rich region. The Bruggeman factor also indicates intermolecular interaction exist between AC and 2-BU. The dielectric constant and polarity of mixtures supported to each other. 
